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Efficient induction of apoptosis in cultured rat glomerular
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Efficient induction of apoptosis in cultured rat glomerular mesangial
cells by dimeric monoclonal IgA anti.Thy-1 antibodies. Apoptosis of
glomerular mesangial cells (GMC) has been observed in the early phase as
well as the resolution phase of Thy-I nephritis. Recently, we and others
reported that lgG2a (ER4G) and IgGi (0X7) monoclonal mouse anti-
Thy-i antibodies (anti-Thy-i MoAb) are able to induce apoptosis of rat
GMC in vitro. The purpose of this study was to investigate whether
cross-linking of Thy-i would influence the degree of apoptosis in cultured
rat GMC using monomeric and dimeric IgA anti-Thy-i MoAb. IgA
anti-Thy-i MoAb (ER4A) was generated by class switching of the IgO
producing ER4 (ER4G) hybridoma. The ER4A clone spontaneously
produces monomeric (m-ER4A) and dimeric IgA anti-Thy-i MoAb
(di-ER4A). Unaltered epitope specificity of ER4A was confirmed by
blocking experiments of the binding of fluorescence labeled ER4G to
cultured rat GMC with unlabeled ER4A on FACS. For the experiments of
apoptosis, quiescent rat GMC were incubated for eight hours with
medium alone or with medium in the presence of 10 j.rg/ml of m-ER4A,
di-ER4A or control IgA MoAb of corresponding sizes. Apoptosis was
assessed by morphological studies, agarose gel electrophoresis and quan-
titative FACS analyses using the terminal deoxynucleotidyl transferase
(TDT) method and the annexin V method. The TDT method detects
specific-DNA nicking in apoptosis. The annexin V method detects early
membrane changes during apoptosis. In morphological studies, cells
incubated with m-ER4A and di-ER4A showed typical apoptotic features
such as nuclear condensation and fragmentation. DNA isolated from the
cells incubated with di-ER4A was cleaved into a distinctive ladder pattern
compatible with apoptosis. In contrast, both medium alone and control
IgA MoAb did not reveal detectable changes in morphological studies and
agarose gel electrophoresis. In quantitative analyses by FACS using the
TDT method and the annexin V method, both m-ER4A and di-ER4A
induced significantly higher percentages of apoptosis in rat GMC as
compared to the controls. Furthermore, di-ER4A was considerably more
efficient than m-ER4A in inducing apoptosis possibly through additional
cross-linking of Thy-i on the cell surface. This notion was confirmed by
experiments, in which the addition of goat anti-mouse K antibodies
enhanced apoptosis of rat GMC pre-sensitized with m-ER4A. Taken
together, our results indicate that apoptosis of rat GMC l: anti-Thy-i
antibodies is enhanced by cross-linking of Thy-i on the cell surface. These
studies are of importance for our understanding of mechanisms that may
play a role in glomerular diseases.
Apoptosis is an important mode of cell death to maintain
morphological and functional homeostasis in tissues [1]. While it
was initially thought that the contribution of apoptosis was limited
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to physiological processes such as development [2] and normal
tissue turnover [3], recent studies suggest that apoptosis also may
play a role in the development of glomerular diseases [4—7].
Indeed, although the details are still unknown, in an animal model
of proliferative glomerulonephritis, the so-called Thy-i nephritis,
the presence of apoptosis of glomerular mesangial cells (GMC)
was seen in the early [8—il] and the resolution phase [9, 121 of the
disease.
The question at present is what the initiating mechanism is of
this GMC-apoptosis in the early phase of Thy-i nephritis. We
have reported previously that IgG2a anti-Thy-i monoclonal anti-
bodies (ER4G) specifically induce GMC-apoptosis in vitro with-
out the participation of complement and without involvement of
Fey receptor interaction [13]. This indicates that binding of ER4G
to Thy-i on rat GMC is one of the critical steps in the initiation
of GMC-apoptosis.
it is known that binding of specific antibodies to certain cell
surface proteins such as the tumor necrosis factor receptor-I [14],
Fas/APO-I [15—i7] and Thy-i [18] is able to induce apoptosis in
different cell types. However, the degree of cell death by specific
antibodies directed against distinct antigens are different from
each other, presumably depending on the characteristics of the
antibodies, particularly their ability to cross-link cell surface
proteins [14, 17].
A method to obtain polymeric antibodies without loss of
epitope specificity is heavy chain class switching resulting in
spontaneous polymerization, such as in IgA isotype dimers [19].
Therefore, in the present study, we used an IgA anti-Thy-i
(ER4A) monoclonal antibody (MoAb) isolated from a class
switched variant of the ER4G secreting clone [8, 20], and which
secretes both monomeric and dimeric IgA, to study the effect of
cross-linking of Thy-I on rat GMC in the initial mechanisms of
GMC-apoptosis in vitro.
Methods
Materials
Oxalic acid (Merck, Darmstadt, Germany), 2,2'-amino-bis-3-
ethylbenzthiazoline-6-sulfonic acid (ABTS), collagenase type Ia,
trypsin, bovine serum albumin (BSA), proteinase K, RNase,
dTTP, dATP, dCTP, dGTP (Sigma Chemical Company, St. Louis,
MO, USA), RPMI 1640 (Seromed, Biochrom K.G., Berlin, Germa-
ny), fetal calf serum (FCS), agarose gel (Gibco BRL, Grand Island,
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NY, USA), penicillin and streptomycin, Hoechst 33258, FITC- 12-
dUTP, tetramethylrhodamine-6-dUTP (TRITC-6-dUTP), Fluos-
5(6)-carboxyfluorescein-N-hydroxysuccinimide (FNHS) (Boehringer
Mannheim Gmbh, Mannheim, Germany), dispase (Collaborative
Biochemical Products, Bedford, MA, USA), terminal deoxynucleo-
tidyl transferasc (TDT), 5xTDT reaction buffer (Promega, Heider-
berg, Germany) and Nonidet P-40 (BDH Laboratory, England, UK),
HiLoad 26/60 Superdex 200 prep grade, HiTrap protein A (Pharma-
cia LKB Biotechnology, Uppsala, Sweden), FITC conjugated goat
anti-mouse IgA(Fc) antibody [FITC-GAM/IgA(Fc), FITC conju-
gated goat anti-mouse IgG2a antibody (FITC-GAM/lgG2a) (Nor-
dic, Tilburg, The Netherlands), monoclonal rat anti-mouse IgA
heavy chain antibody (RAM/IgA), monoclonal rat anti-mouse IgG2a
antibody (RAM/IgG2a), peroxidase conjugated monoclonal rat anti-
mouse kappa light chain antibody (P0-RAM/K) (Sanbio, Uden, The
Netherlands) goat anti-mouse kappa chain antibody (GAM/K)
(Caltag Laboratory, San Francisco, CA, USA), FITC-labeled recom-
binant human annexin V (Bender MedSystems, Vienna, Austria)
were purchased as indicated. Mouse IL-S was obtained from a
cytokine transgenic B cell line (a gift from Dr. A. Rolink, Basel
Institute of Immunology) [21]. As a source of IL-6, human umbilical
vein endothelial cell supernatant was used [22, 23]. The biological
activities and concentrations of these cytokines were determined by
their respective bioassays as previously described [21, 24, 25].
Culture of mesangial cells
GMC were isolated from cortical renal tissue of Sprague-
Dawley rats using the sequential sieving method and enzyme
dissociation of glomeruli by type Ta collagenase as reported
previously [26, 27]. Isolated GMC were identified by morpholog-
ical and immunohistochemical criteria as before [26, 27]. GMC
were maintained in T75 flasks (Greiner) with complete medium
(RPMI 1640 containing 10% heat-inactivated FCS, 100 U/mI
penicillin and 100 jig/ml streptomycin). For the experiments of
apoptosis, a defined number of GMC from the fifth to tenth
passage was seeded into 48 well plates (Costar), cultured for two
days in complete medium and rendered quiescent for 24 hours in
medium (RPM! 1640 containing 0.5% heat-inactivated FCS). At
the beginning of experiments, approximately 1 X 10 cells per well
were present in a final volume of 0.5 ml of medium.
Generation of monoclonal mouse IgA anti-Thy-i antibodies
Spontaneously occurring class switch-variant from a hybridoma
cell line secreting IgG2a anti-Thy-I MoAb (ER4G) [8, 20] was
selected by sequential in vitro sublining in combination with
sensitive isotype specific enzyme-linked immunosorbent assays
(ELISA), followed by in vivo passage in Balb/c mice pretreated by
incomplete Freund's adjuvant [28, 291. For isotype specific
ELISA, 100 jil of samples of supernatants diluted in 1:2 with PBS
containing 0.05% (vol/vol) Tween-20 and 1% heat-inactivated
FCS (PBS-Tween-FCS) from each hybridoma was added into 96
well microtiter plates (Greiner) coated for two hours at 37°C with
I jig of RAM/IgA or RAM/IgG2a, respectively. The plate was
incubated for one hour at 37°C, washed three times with PBS
containing 0.05% (vol/vol) Tween-20 (PBS-Tween) and incubated
further for one hour at 37°C with P0-RAM/K diluted in 1:2000
with PBS-Tween-FCS. After washing, horseradish-peroxidase
substrate solution (ABTS) was added and the coloring reaction
was stopped by the addition of 2% oxalic acid to each well after 30
minutes. Optical densities were measured at 415 nm using a
Titertek Multisean plate reader (Flow Laboratories, Zeanenhurg,
The Netherlands). Cells from IgA positive wells were selected in
the presence of 50 U/mI of IL-6 and 10 ng/ml of IL-S for
hybridomas secreting IgA. Finally one clone (ER4A clone) with
strong reactivity in IgA ELISA and a negative reaction in lgG
ELISA was obtained and used for the production of IgA anti-
Thy-I antibodies.
Isolation of monoclonal antibodies
Balb/c mice were inoculated intraperitoneally with I >( 1(Y'
viable hybridoma cells secreting IgA. IgA anti-Thy-I MoAb
(ER4A) were purified from ascites by precipitation with 50%
saturated ammonium sulfate followed by gel filtration on HiLoad
26/60 Superdex 200 prep grade column. To obtain distinct mono-
meric and dimerie forms of ER4A (m-ER4A, di-ER4A), fractions
were assessed for IgA content using isotype specific ELISA as
described above. The comparison of elution volume with those of
proteins with known size gave an estimated molecular weight 170
kDa for m-ER4A and a molecular weight 340 kDa for di-ER4A,
respectively. Monomeric and dimeric mouse IgA MoAb against
DNP (MOPC 315) were isolated from ascitic fluid with gel
filtration on HiLoad 26/60 Superdex 200 prep grade column and
used as controls (m-MOPC and di-MOPC) [30]. Monomeric
ER4G (m-ER4G) was isolated from ascitic fluid with gel filtration
on HiLoad 26/60 Superdex 200 prep grade column and affinity
purification on HiTrap protein A column as before [131. The
antibodies were kept in aliquots at —80°C and frozen and thawed
maximally twice before use.
Binding of antibodies to rat GMC on kidney section.s
Frozen sections of 2 jim thick from normal kidney of Wistar
rats were obtained, air-dried and fixed in cold acetone for 10
minutes at 22°C. The standard indirect immunofluorescence
technique was used to examine antibody binding [3fl. The slides
were washed twice in PBS for seven minutes and reacted at 37°C
for 30 minutes with 1 jig/mI of m-ER4G, m-ER4A, m-MOPC or
PBS containing 1% BSA (PBS-BSA). After washing three times
with PBS, the slides were further incubated at 37°C for 30 minutes
with FITC-GAM/IgG2a (dilution; 1:200 in PBS-BSA), FITC-
GAM/IgA(Fc) (dilution; 1:200 in PBS-BSA) or PBS-BSA. Sec-
tions were examined by immunofluorescenee microscopy and the
results were documented by photography.
Binding of antibodies to cultured rat GMC
The binding of m-ER4A and di-ER4A to cultured rat GMC was
assessed by flow cytometry (FACS) (Becton Dickinson). GMC
were rendered quiescent in T75 flasks by culturing in medium for
one day, detached by dispase treatment [26J and washed three
times with 0.5 ml of cold PBS-BSA. Then I )< iO GMC were
incubated for 30 minutes at 4°C with m-ER4A, di-ER4A or
control IgA MoAb at the amounts indicated in Figure 2A.
Thereafter the cells were washed again with PBS-BSA and
subsequently incubated with FITC-GAM/lgA(Fc) (dilution; 1:200
in PBS-BSA) for 30 minutes at 4°C. After washing, the cells were
fixed with 1% paraformaldehyde and evaluated by FACS. At least
5,000 cells from each sample were measured on FACS.
To determine the specificity of binding of m-ER4A and di-
ER4A to rat GMC, blocking experiments were carried out with
0.05 jig of directly labeled FNHS-m-ER4G in the presence of the
indicated amounts of unlabeled m-ER4A, di-ER4A, control IgA
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Fig. 1. Binding of ER4G, ER4A and MOPC IgA to normal rat kidney sections. Frozen sections in duplicate were incubated with m-ER4G, m-ER4A or
m-MOPC IgA followed by the detection of the binding of each MoAb with FITC-GAM/IgG2a (upper panel) and FITC-GAM/IgA (Fe) (lower panel).
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Fig. 2. A. Binding curves of m-ER4A, di-ER4A.
m-MOPC and di-MOPC to cultured rat GMC.
Cultured rat GMC were incubated in 100 1d of
PBS-BSA containing the indicated amounts of
each MoAb followed by the detection of the
binding of each MoAb with
FITC-GAM/IgA(Fc). B. Inhibition of binding of
FNHS-m-ER4G (0.05 j.rgll X i0 cells) to0 0 cultured rat GMC by PBS-BSA alone, 250 Lg!
I x i0 cells of IgA MoAb controls and
indicated amounts of m-ER4A or di-ER4A.
Symbols are: (0) m-ER4A; (•) di-ER4A; (A)
m-MOPC; (A) di-MOPC, PBS-BSA.
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MoAb or PBS-BSA. The m-ER4G was conjugated with FNHS
according to the instructions of the manufacturer. In brief, 9
mg/ml of m-ER4G were prepared in a phosphate buffered solu-
tion (pH 7.5) and mixed with FNHS at a concentration of 10
FNHS molecules per molecule of m-ER4G, followed by incuba-
tion for 90 minutes on ice. Free FNHS was separated from FNHS
conjugated m-ER4G in Centricon-30 (Amicon Inc., MA, USA) by
extensive washing with phosphate buffer. All the experiments
were performed for 30 minutes at 4°C with 1 X iO quiescent rat
GMC. The binding of FNHS-m-ER4G was analyzed on FACS.
Non-labeled MoAb
pg/lx io cells
Assessment of apoptosis
Morphological studies. To assess the morphological changes
associated with apoptosis, the cells were cultured for eight hours
with medium alone or with medium in the presence of 10 jtg!ml of
m-ER4A, di-ER4A or control IgA MoAb and subsequently
double stained with Hoechst 33258 and the terminal deoxynucleo-
tidyl transferase (TDT) method. The TDT method was performed
to detect specific DNA breaks of apoptosis with slight modifica-
tion of a previously described method [13, 321. Briefly, GMC were
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fixed with 4% paraformaldehyde for 10 minutes on ice, permeab-
ilized for 20 minutes with 0.025% Nonidet P-40 and incubated for
two hours at 37°C on a shaker in the presence of 50 jil of reaction
mixture. This consisted of 10 units of TDT, 10 jil of 5 X TDT
buffer, 0.2 nmol of TRITC-6-dUTP and 1 nmol of dTTP, dATP,
dCTP and dGTP. We used TRITC-6-dUTP instead of the FITC-
12-dUTP which was used for FACS analysis, because, at least
under microscopy, apoptotic GMC labeled by TRITC-6-dUTP
were well identified as compared to those labeled by FITC-12-
dUTP. To determine the morphological nuclear changes, after
staining by the TDT method, cytospin preparations were made
and further stained with Hoechst 33258 for three minutes at room
temperature.
To detect the early membrane changes of apoptosis, the
annexin V method was used in other preparations as before [13].
In brief, GMC cultured as above were washed twice with annexin
binding buffer consisting of PBS-BSA and 1.8 m of CaCl2 and
stained for one hour at 4°C with 2.5 jig/ml of FITC-annexin V in
the presence of annexin binding buffer. Cytospin preparations
were made of the cells followed by examination under fluorescent
microscopy. Photographs were taken with an automatic timer.
Gel electrophoresis. After eight hours of culture of GMC with
medium alone or with medium in the presence of 10 jig/ml of
m-ER4A, di-ER4A, control IgA MoAb, cellular DNA was iso-
lated from I X 106 GMC and subjected to 2% agarose gel
electrophoresis as described before [13, 33]. In brief, at the end of
the experiment, all the cells in the wells were collected by
centrifugation at 1200 rpm for seven minutes and by trypsiniza-
tion. Then cells were washed twice with TNE buffer consisting of
10 mM Tris HC1, 1 m'vi EDTA and 100 mi NaCl and lysed in 1 ml
of TNE buffer containing 1% SDS. The lysates were incubated
with 200 jig of proteinase K overnight at 56°C. To purify
fragmented DNA, the lysates were chilled on ice and centrifuged
at 14000 g for 30 minutes at 4°C. Thereafter, the DNA fraction
was concentrated by ethanol precipitation, dissolved in 20 j.d of
TE buffer and treated with 33 jig/mI of DNase free-RNAse A at
37°C for one hour. Before application to agarose gel containing
0.4 jig/ml of ethidium bromide, the DNA was mixed with 4 jil of
bromophenol blue [0.25% (wt/vol)] and heated at 65°C for 10
minutes. Electrophoresis was performed at 75 V for two hours.
The DNA bands were visualized in ultraviolet light.
Quantification by FACS. Apoptosis was assessed quantitatively
by FACS using either TDT or annexin V according to the method
established earlier [13]. GMC were cultured for indicated time
periods with medium alone or with medium in the presence of
various concentrations of m-ER4A, di-ER4A or control IgA
MoAb. After co-culture, all the cells in the wells were collected,
washed and labeled by either the TDT method or the annexin V
method as described in morphological studies. For the FACS
analysis by the TDT method, 0.2 nmol of FITC-12-dUTP was used
instead of TRITC-6-dUTP which was used in morphological
studies. At least 5,000 cells were analyzed on FACScan program.
Statistical analysis
Results were expressed as the mean SD. Statistical analysis
was performed using one-way analysis of variance with simulta-
neous multiple comparisons between groups performed with
Fisher's PLSD methods. A P value of less than 0.05 was consid-
ered significant.
Results
Binding of monoclonal antibodies to rat GMC
Indirect immunofluorescence staining was carried out on frozen
sections from normal rat kidney using FITC-isotype specific
secondary antibodies. ER4G bound in a mesangial pattern as
reported previously [8, 20]. ER4A showed an identical staining
pattern as that of ER4G. Binding of ER4A was detectable only
with FITC-GAM/IgA(Fc) and not by FITC-GAM/IgG2a. Control
IgA MoAb (MOPC) did not bind to the mesangial area of the
kidney (Fig. 1).
To determine the binding of ER4A to cultured rat GMC more
accurately, FACS analysis was performed. Cultured rat GMC
were incubated with the indicated amounts of m-ER4A, di-ER4A
or IgA MoAb controls and stained with FITC-GAM/IgA(Fc) (Fig.
2A). Binding curves for the different sizes of ER4A showed that
detectable binding of m-ER4A and di-ER4A started at an input of
0.1 jig/i x iO cells, followed by an increase in a dose dependent
fashion reaching 100% of positive cells at the highest inputs of
ER4A. The m-MOPC and di-MOPC used as IgA MoAb controls
showed 3.2% and 3.1% binding at 10 jig/i X i0 cells, respec-
tively.
To further analyze the specificity of binding of ER4A to
cultured rat GMC, blocking experiments with unlabeled m-ER4A
and di-ER4A were performed. Rat GMC were incubated with
fixed amounts of FNHS-m-ER4G in the presence of increasing
amounts of unlabeled m-ER4A, di-ER4A or 250 jig of IgA MoAb
controls or PBS-BSA (Fig. 2B). There was a dose dependent
inhibition of binding of FNHS-m-ER4G by both m-ER4A and
di-ER4G. Fifty percent inhibition of binding of FNHS-m-ER4G
was obtained with 160 jig of m-ER4A and 40 jig of di-ER4A.
Morphological assessment of apoptosis
To examine whether ER4A is able to induce apoptosis of rat
GMC, we first examined the presence of characteristic morpho-
logical changes associated with apoptosis in GMC cultured for
eight hours with medium alone or with medium in the presence of
10 jig/ml of m-ER4A, 10 jig/ml of di-ER4A and IgA MoAb
controls. Cytospin preparations were made of the cells following
culture. Then, the cells were double stained by Hoechst 33258 and
the TDT method. The cells cultured with m-ER4A and di-ER4A
exhibited typical apoptotic nuclear changes such as nuclear con-
densation and fragmentation as assessed with Hoechst 33258
staining. The cells with typical nuclear changes also were stained
strongly with TRITC-6-dUTP in the TDT method (Fig. 3A).
In other preparations, the dislocation of phosphatidylserine in
the plasma membrane, which is observed at early stages of
apoptosis [34, 35], was examined using the annexin V method.
Approximately 20% of m-ER4A and 30% of di-ER4A-treated
GMC showed positive membrane staining with FITC-annexin V.
Cells cultured with medium alone or with IgA MoAb controls did
not show significant FITC-annexin V binding (Fig. 3B).
Agarose gel electrophoresis
To obtain additional support that apoptosis was induced by
m-ER4A and di-ER4A, DNA fragmentation as a measure of
apoptosis was assessed by agarose gel electrophoresis in GMC
cultured for eight hours with medium alone or with medium in the
presence of 10 jig/ml of m-ER4A, di-ER4A or IgA MoAb
controls, Incubation with di-ER4A caused a significant generation
of typical oligonucleosomal DNA fragments. However, results
Hoechst 33258 TDT staining 13 Annexin V
Fig. 3. A Double staining of rat GMC cultured for eight hours with medium in the presence of 10 1ug/ml of di-MOPC, m-ER4A or di-ER4A by Hoechst 33258
and the TDT method using TRITC-6-dUTP. B. Rat GMC, cultured as above, were stained by the annexin V method using FITC-annexin V. The arrows
indicate morphological nuclear changes, TRITC-6-dUTP labeled cells and FITC-annexin V positive cells, respectively. Cells cultured with medium alone
(not shown) or with medium in the presence of 10 /Lglml of m-MOPC (not shown) were stained similarly as di-MOPC (magnification X400).
with m-ER4A were less. The incubation with medium alone or
with IgA MoAb controls did not exhibit detectable changes of
cellular DNA (Fig. 4).
Quantitative analysis of apoptosis by FACS
To clarify the effect of m-ER4A and di-ER4A on apoptosis of
rat GMC, we performed FACS analyses using the TDT method
(Fig. 5). The TDT method is a selective method to detect
apoptosis-specific DNA breaks [32]. The FACS profiles show that
13.5% and 21.6% of GMC cultured for eight hours in the
presence of 10 sg/ml of m-ER4A or di-ER4A were labeled by
FITC-12-dUTP, respectively. The percentages of FITC-12-dUTP
labeled cells following co-culture with IgA MoAb controls or
medium alone were 7.3%, 7.8% and 7.7%, respectively. These
control values are considerably lower than the apoptosis seen with
m-ER4A and di-ER4A.
To evaluate further the difference of m-ER4A and di-ER4A
regarding the efficiency of induction of GMC apoptosis, cells were
co-cultured with each MoAb in triplicate and analyzed by FACS
using the annexin V method (Fig. 6). The annexin V method
detects early changes of apoptosis which precedes morphological
nuclear changes and reduction in cell size [35]. The results
demonstrate that GMf.T cultured for eight hours in the presence of
10 tg/ml of m-ER4A1resulted in 17.9 3.4% annexin V positive
cells. GMC co-cultured with 10 gg/ml of di-ER4A exhibited
26.1 6.4% annexin V positive cells. The control m-IgA MoAb,
control di-IgA MoAb and medium alone resulted in 6.8 1.7%,
9.5 3.5% and 7.6 1,6% annexin V positive cells, respectively.
Statistical analysis indicates that both m-ER4A and di-ER4A
induce significantly higher numbers of annexin V positive cells as
compared with controls (m-ER4A, P < 0.005 relative to medium
alone, P < 0.001 relative to m-MOPC; di-ER4A, P < 0.001
relative to medium alone and di-MOPC). There is a statistically
significant difference in the percentages of annexin V positive cells
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Fig. 4. Detection of DNA fragmentation on agarose gel electrophoresis. Onc
hundred base pair markers and DNA extracted from cclls incubated with
medium alone or with medium in the presence of 10 J.Lg/nil of IgA MoAb
controls, m-ER4A or di-ER4A are shown.
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Fig. 5. Histograms of FACS analyses of rat GMC by the TDT method. Cells were cultured for eight hours with medium alone or with medium in the
presence of 10 rg/ml of m-ER4A, di-ER4A or lgA MoAb controls. After culturing, cells were labeled by the TDT method using FITC-12-dUTP and
analyzed on FACS as described in the Methods Section.
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Fig. 6. Quantification of apoptosis in rat GMC by the anneidn V method.
Cells were incubated with medium alone or with medium in the presence
of 10 jig/nil of m-ER4A, di-ER4A or igA MoAb controls. After incuba-
tion, cells were labeled by the annexin V method using FTTC-annexin V
and analyzed by FACS as described in the Methods section. The data are
expressed as the mean SD (N = 3). p < 0.005, °°P < 0.001; P values
were calculated relative to medium alone or corresponding control IgA
MoAb. #P < 0.01; P value was calculated relative to m-ER4A.
induced by m-ER4A and di-ER4A (P < (1,01). The JgA MoAb
controls were not different from medium alone.
In time course experiments, GMC were incubated for 4, 8 and
24 hours with medium alone or with medium in the presence of 10
jig/mi of m-ER4A, di-ER4A or IgA MoAb controls. Apoptosis
was assessed by FACS using the annexin V method (Fig. 7A).
There was a time dependent increase in apoptosis induced by
either m-ER4A and di-ER4A. The di-ER4A was 2.2-fold more
active than m-ER4A. The IgA MoAb controls were not different
from medium alone.
In dose-response experiments, the annexin V positive cells in
GMC cultured for eight hours with medium alone or with medium
in the presence of various concentrations of m-ER4A, di-ER4A
and IgA MoAb controls were measured by FACS as well (Fig.
7B). The m-ER4A and di-ER4A induced a concentration depen-
dent increase in apoptosis. The IgA MoAb controls had little
effects.
Efficiency of the induction of apoptosis in GMC by ER4A
correlates with cross-linking of Thy-i on rat GMC
The experiments described above suggest that di-ER4A induces
apoptosis more efficiently in quiescent rat GMC than m-ER4A.
To explore whether this difference is related to cross-linking of the
Thy-I on the cell surface, we studied whether cross-linking of cell
hound m-ER4A with GAM/K would result in enhanced induction
of GMC-apoptosis (Fig. 8). Therefore rat GMC were prc-incu-
bated for one hour at 37°C with 100 jig/mI of m-ER4A, followed
by a wash with medium and subsequent culture with medium in
the presence or absence of 10 jig/mI of GAM/K. After eight hours
of incubation at 37°C, apoptosis was determined by FACS using
the annexin V method. All the experiments were performed in
triplicate. Pre-incuhation of GMC with rn-ER4A alone resulted in
17.1 3.2% annexin V positive cells (P < 0.05, relative to
medium alone and co-culture with GAM/K alone). Incubation of
GMC pre-sensitized with m-ER4A in the presence of GAM/K
resulted in 31.1 8.4% annexin V positive cells (P < 0.001,
relative to medium alone and co-culture with GAM/x, P < 0.005,
relative to prc-sensitization with m-ER4A). Incubation of non-
sensitized GMC with medium alone or with medium containing
m-ER4A
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Fig. 7. A. Time dependent induction of apoptosis in rat GMC by m-ER4A
and di-ER4A. Cells were cultured for indicated periods with medium alone
or with medium in the presence of 10 pg/mI of m-ER4A, di-ER4A or IgA
MoAb controls and analyzed on FACS by the annexin V method as
described. B. Dose dependent induction of apoptosis in rat GMC by
m-ER4A and di-ER4A. Cells were cultured for eight hours with medium
alone or with medium in the presence of indicated concentrations of
m-ER4A, di-ER4A or IgA MoAb controls and analyzed on FACS by the
annexin V method as described. Symbols are: () medium; (0) m-ER4A,(•) di-ER4A; () m-MOPC; (A) di-MOPC.
GAM/K showed only 8.0 3.3% and 9.1 1.7% annexin V
positive cells, respectively.
Discussion
In the present study, we have used monomeric and dimeric IgA
mouse anti-Thy-I MoAb (ER4A) obtained from the ER4G
secreting hybridoma [8, 20] by the class switch technique [28, 29].
The class specificity of ER4A was assessed by a sensitive and class
specific ELESA using RAM/IgA or RAM/IgG2a. This was further
confirmed by an indirect immunofluoresccnce method on normal
rat kidney sections. The m-ER4A and di-ER4A bound to cultured
rat GMC in a dose dependent fashion. Unaltered epitope speci-
ficity of ER4A was evident as demonstrated in blocking experi-
ments in which ER4A completely inhibited the binding of fluo-
rescence labeled ER4G to rat GMC. The blocking experiments
also showed that di-ER4A had higher avidity than m-ER4A for
0
GAM/K — +
m-ER4A — — + +
Fig. 8. Enhancement of ni-ER4A induced rat GMC-apoptosis by GAMIK.
Cells were first pre-incubated for one hour with medium alone or with 100
pg/mI of m-ER4A followed by culture for eight hours with medium alone
or with medium in the presence of 10 pg/mI of GAM/K. At the end of the
culture, cells were labeled by the annexin V method and analyzed on
FACS as described. The data were expressed as the mean SD (N = 3).
P < 0.05, < 0.001; P values were calculated relative to medium alone
and GAM/K alone. #P < 0.005; P value was calculated relative to GMC
pre-sensitized with m-ER4A alone. There was no statistical difference
between medium alone and GAM/K alone.
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rat GMC. This is in agreement with the general principle that
polymerization of antibodies provides more binding sites and
consequently greater avidity [36].
20 The presence of specific receptors for IgA, namely Fccs recep-
tors (FeaR), has been demonstrated on human and rat GMC [371.
The specific FeaR interaction between rat dimeric IgA, polymeric
IgA and rat GMC have also been shown [27]. However, it is
unlikely that specific FeaR interaction is involved in the present
binding of ER4A to cultured rat GMC, since the same amounts of
corresponding mouse control IgA MoAb did not show significant
binding to the cells as measured by FACS. While the reason for
the differences between our results and former reports is obscure,
it is possible that there is a species difference in cross reactivity
between mouse IgA antibodies and specific FeaR on rat GMC.
At present, mouse IgG2a (ER4G) and IgGi (0X7) anti-Thy-I
MoAb have been described as the antibodies capable of inducing
apoptosis in cultured rat GMC [II, 13]. Furthermore, rat lgG2c
(KT16, G7) and 1gM (H 194-539) anti-Thy-I MoAb were reported
to induce apoptosis in mouse thymocytes [181. In the present
study, we demonstrate that two different molecular sizes of IgA
anti-Thy-I MoAb, m-ER4A and di-ER4A, induce significant
apoptosis in cultured rat GMC as compared to the corresponding
sizes of IgA MoAb controls. This is not surprising, because ER4A
has the same epitope-specificity as ER4G, which has been shown
to induce apoptosis of rat GMC in vitro [13] and in vivo [81.
We describe in this study that di-ER4A induces apoptosis of rat
GMC more efficiently than m-ER4A. This was not simply due to
the differences in the amount of anti-Thy-i MoAb bound to rat
(IMC, because, even at saturating amounts of either m-ER4A or
di-ER4A, di-ER4A induced twice as much apoptosis as compared
to m-ER4A. Therefore, we postulate that apoptosis in rat GMC is
enhanced by cross-linking of Thy-i by specific polymeric antibod-
ies. This assumption is confirmed by the enhanced apoptosis
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induced by the addition of GAM/K to cells pre-sensitized with
m-ER4A.
In the Fas-Fas ligand systems, which has been studied most
extensively with regard to apoptosis, it was shown that the active
soluble Fas ligand exists as trimers [38], and most anti-Fas/APO-I
antibodies have the isotype which tend to aggregate Fas/A P0-I on
the cell surface [15, 17, 39]. Further, the divalent binding of
Fas!APO-I specific antibodies was less efficient in inducing apo-
ptosis [17, 38]. Similarly, in the TNF mediated cell death system,
it has been demonstrated that the active form of soluble TNF is a
trimer [401, and the efficiency of TNF like cytotoxicity mediated by
anti-TNF binding protein antibodies is correlated with the extent
of TNF receptor cross-linking caused by the antibodies [14].
Moreover, enhancement of biological activities by cross-linking of
cell surface proteins has been observed not only in cell death
systems, but also in up-regulation of DNA synthesis via epidermal
growth factor receptor [41] and release of lysosomal granules via
GPI anchored FcyIII receptor [42]. By inference, our results and
former studies strongly suggest that cross-linking of certain cell
surface molecules plays a significant role in enhancement of the
signaling mechanism.
Induction of GMC-apoptosis by anti-Thy-i MoAb is not only an
in vitro phenomenon, apoptosis of GMC has also been demon-
strated in the early phase of Thy-I nephritis upon injection of
polyclonal [9] and monoclonal anti-Thy-i antibodies [8, 10, 11].
The present study indicates that additional cross-linking of the
Thy-i on rat GMC enhances apoptosis. It has recently been
suggested that complement depletion by cobra venom factor may
reduce the occurrence of in vivo GMC-apoptosis in the early
phase of Thy-i nephritis [10]. We postulate that C3b deposited on
anti-Thy-I antibodies in viva may result in further cross-linking of
Thy-I by the interaction of deposited C3b with factor B and
properdin and enhancement of apoptosis. Additional in vitro
studies with purified complement components are essential to
clarify this point.
Reprint requests to Toshinobu Sato, MD, Department of Nephrology,
University Hospital Leiden, Building-I C3P, P.O. Box 9600, 2300 RC Leiden,
The Netherlands.
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